Abstract. Alzheimer's disease (AD) is a progressive neurodegenerative disorder characterized by loss of memory and other cognitive abilities. AD is associated with aggregation of amyloid-␤ (A␤) deposited in the hippocampal brain region. Our previous work has shown that tocotrienol rich fraction (TRF) supplementation was able to attenuate the blood oxidative status, improve behavior, and reduce fibrillary-type A␤ deposition in the hippocampus of an AD mouse model. In the present study, we investigate the effect of 6 months of TRF supplementation on transcriptome profile in the hippocampus of APPswe/PS1dE9 double transgenic mice. TRF supplementation can alleviate AD conditions by modulating several important genes in AD. Moreover, TRF supplementation attenuated the affected biological process and pathways that were upregulated in the AD mouse model. Our findings indicate that TRF supplementation can modulate hippocampal gene expression as well as biological processes that can potentially delay the progression of AD.
INTRODUCTION
Alzheimer's disease (AD) is defined by a chronic progressive neurodegenerative disorder that is characterized by brain deterioration leading to progressive impairment of intellectual, cognition, behavior, and memory [1] . Accumulation and aggregation of amyloid-␤ (A␤) peptide in brain tissue is known to be the main etiological factor for AD [2, 4] . Although there is still some controversy, the amyloid cascade hypothesis formulated in the early 1990s has been a dominant model for AD pathogenesis [5, 6] . This hypothesis suggested that an increment of abnormal extracellular A␤ level in the brain can cause aggregation of A␤ into ␤-sheet-rich structures [7] . Increasing evidence shows that A␤ and hyperphosphorylated tau protein alteration involved at the cellular and molecular levels contribute to neurodegeneration in AD [8] [9] [10] [11] . The hippocampus brain region is the most affected region with AD. Many neurobiological alterations in the hippocampus have 
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been found to be associated with cognitive impairment [12] [13] [14] [15] [16] [17] .
Numerous studies have highlighted the potential of tocotrienol rich fraction (TRF) as the active compounds that assist in preventing many diseases including neurodegenerative disease and are thus worthy of further scientific investigation. TRF is a different mixture of vitamin E that consists of a combination of ␣-, ␤-, ␥-, and δ-tocotrienol and ␣-tocopherol [18] . TRF can be found in a variety of plants and vegetable oils (soybean, corn, sesame, peanuts, and cotton) while tocotrienols are also available in oil from rice, barley, wheat germ, and rye, as well as palm oil [19, 20] . TRF is claimed to possess high antioxidant [21] [22] [23] [24] [25] , anticancer [26] [27] [28] [29] [30] , antiaging [31, 32] , and anti-diabetic [33, 34] properties, show neuroprotective effects [35] [36] [37] [38] [39] , attenuate the blood oxidative status [40] , and improve behavior and reduce A␤ deposition in the hippocampus [41, 42] . Therefore, in the present study, we sought to determine the effects of TRF on the hippocampus in an AD mouse model and describe its potential for management of AD.
MATERIALS AND METHODS

Chemicals
TRF (Golden Tri™ E 70) was purchased from Sime Darby (Kuala Lumpur, Malaysia) and consisted of 24% ␣-tocopherol (␣T), 27% ␣-tocotrienol (␣T3), 4% ␤-tocotrienol (␤T3), 32% ␥-tocotrienol (␥T3), and 14% δ-tocotrienol (δT3) in every gram of TRF.
Animals
Double transgenic male mouse B6C3-Tg (APPswe, PS1dE9) 85Dbo/Mmjax with C57BL/6J genetic background was purchased from The Jackson Laboratory (Bar Harbor, ME, USA). The AD mouse model expressed the mutant amyloid precursor protein (Mo/HuAPP659swe) and mutant presenilin 1 (PS1dE9), both of which were associated with the early-onset of AD [43] . All mice were placed in a specific-pathogen-free condition and maintained individually in polycarbonate cages on a 12:12 h light-dark cycle with light started at 7:00 am and 24 h ventilation. All equipment and materials such as cages, corn cobs, food pellets, and drink containers were sterilized using UV light and autoclaved before use. This study was approved by the UKM Animal Ethics Committee (FP/BIOK/2015/HANAFI/9-DEC./716-DEC.-2015;FEB.-2017) and all animal works were conducted in accordance with national and international guidelines.
Supplementation and sample collection
Nine-month-old animals were divided into a wild type (WT) group (n = 4), control group of AD transgenic mice (n = 4), and AD transgenic mice receiving TRF supplementation (200 mg/kg, n = 4). TRF dosage was based on the previously published work [40, 44, 45] . Animals received daily supplementation via oral gavages for 6 months. At the end of the treatment period, all mice were sacrificed by cervical dislocation and the hippocampus was collected using brain matrix for microarray analysis.
RNA extraction and purification
Total RNA was extracted from the brain hippocampus region using Tri Reagent (Sigma Aldrich) according to manufacturer's guidelines and RNA clean-up was performed using RNeasy spin columns (Qiagen, USA). Total RNA from each sample was quantified by the NanoDrop 1000 Spectrophotometer (Wilmington, DE) and RNA integrity was assessed by Agilent 2100 Bioanalyzer (Agilent Technologies, USA) using RNA 6000 Nano LabChip ® kit.
Microarray and pathway analysis
For microarray analysis, GeneChip mouse transcriptome assay 1.0 (MTA 1.0) from Affymetrix, Inc. was used to detect the expression profiles of mRNA which contains 23,000 mouse mRNAs. The raw data was analyzed using Expression Console (EC) from Affymetrix, Inc. The gene expression was analyzed using Partek Genomics Suite (Partek GS). Significantly, differentially expressed genes (DEG) were identified by analysis of variance (ANOVA) and false discovery rate (FDR) that of less than 5%. Then, the DEG with ≥1.5-fold change was defined as up regulation or down regulation. Principal component analysis (PCA) was performed to show the distinction between samples and hierarchical clustering was carried out to distinguish the mRNA expression profile between the control and the treatment group. Pathway analysis was performed to explore the significant pathway of the DEG according to the Kyoto Encyclopedia of Genes and Genomes (KEGG) using
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the software Transcriptome Analysis Console (TAC) from Affymetrix, Inc.
Quantitative real time RT-PCR (qRT-PCR)
Randomized genes were validated via quantitative real time PCR (qRT-PCR) to confirm the results of microarray analysis. Total RNA (100 ng) was isolated using Tri Reagents (Sigma Aldrich). The one-step RT-PCR kit was obtained from Qiagen using the manufacturer's protocol. Briefly, total RNA was mixed with a cocktail of RT and PCR reaction buffers, including 400 M of each dNTP, 1.5 mM MgCl 2 , and 1 M of the gene-specific primer pairs, Gapdh: 5' TGGTGAAGCAGGCATCTGAG -3'(sense), 5' TGGTGTTGAAGTCGCAGGAG-3' (antisense) and a one-step RT-PCR enzyme mix (Omniscript and Sensiscript RTs and HotStartTaq DNA polymerase). The thermal cycler conditions consisted of RT at 50 • C for 30 min, the initial PCR activation step at 95 • C for 15 min, and a three-step cycling (total number of cycles 40), denaturation at 94 • C for 30 s, annealing at 56 • C for 30 s, and extension at 72 • C for 1 min. The aliquots (10 l) of the reaction were then run in 2% agarose gels for visualization of the products.
Statistical analysis
Data was expressed as mean ± SEM and was determined using GraphPad Prism 5 Software (GraphPad Software, San Diego, CA, USA). p value ≤ 0.05 was considered statistically significant.
RESULTS
Principle component analysis
Through the PCA analysis, the sample expression profile was in similar condition as the other groups. This PCA showed the samples that were in the same group gather closer to each other than the samples in different groups. Figure 1A shows the PCA between samples of control group of AD with WT group. Figure 1B shows the PCA between samples with 6-month supplementation of TRF and the control group with AD. They showed a similar expression profile when compared to others in the same group and this unity of PCA implies that all variance is common or shared.
Hierarchical clustering analysis
The next analysis involved analysis of hierarchical clusters based on the group using Person Centered metric distance with centroid network regulation over the collection of filtered genes based on expression. The unsupervised hierarchical clustering analysis was used to investigate the possibility of identifying different groups based on their molecular expression profile rather than morphological features. The separated cluster indicates that the datasets were significantly different between groups. Hierarchical clustering in the control group of AD compared to the WT group and in the group of TRF compared to the control group of AD showed that most of those with a similar expression profile were joined together to form a group ( Fig. 2A, B) .
Differential expression genes
Once the sample passed the above quality control, the steps to identify different gene expressions were performed. Through a one-way ANOVA test at p < 0.05 with fold change > ± 1.5, the significant yield of DEGs was 36,323 genes for comparison between the control group of AD and the WT group. While 6,679 genes were regulated between TRF group and control group of AD in hippocampus (Table 1) . A total of 20 lists of the highest gene that significantly regulated in the comparable group using ANOVA statistical analysis of one way at p < 0.05 and multiply variables > ± 1.5 was adjusted. Table 2 showed the list of top 20 regulated genes between the control group of AD and the WT group. Table 3 To assess differences between treatments, the effect from the study was evaluated by comparing outcomes for the treated and the untreated group. Table 6 shows discrimination of modulated genes between the AD (Control) and the WT group and also between AD (TRF) and AD (Control). The RT-qPCR analysis confirmed the four-gene expression found to significantly difference in microarray (Fig. 4) . These genes include randomly selected Akt2, Atm, Cacna1b, and Pla2g4a. All these genes showed the same expression in both techniques of microarray and RT-qPCR.
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Biological process or pathway analysis
According to biological process or pathway analysis, KEGG pathway analysis (p < 0.05, fold change > 1.2) revealed that TRF supplementation significantly downregulated the genes in the hippocampus that are involved in biological processes and pathways such as mRNA processing, Focal Adhesion-PI3K-Akt-mTOR signaling, EGFR1 signaling, p53 signaling, T cell receptor signaling, TNF-alpha NF-kB signaling, Alzheimer's disease, and MAPK signaling pathways. It is important to note that most of the biological processes and pathways affected by TRF were upregulated in the AD mouse model (Tables 4 and 5 ). Figure 3 shows an Alzheimer's disease pathway with regulated genes after a 6-month supplementation of TRF.
DISCUSSION
Neuronal gene profiling studies have an enormous impact on our understanding of the pathology of several neurodegenerative diseases, including AD, Parkinson's disease, schizophrenia, multiple sclerosis, and Huntington's disease by providing identification of novel regulators of neuronal gene expression, gene functions, and also by defining the biological process or pathways that interplay to promote the neurodegenerative diseases. TRF has gained great attention as a potential therapeutic agent to combat or delay neurodegenerative disease due to its wide biological properties. From this microarray data, we suggest that most of the regulated genes were linked to AD in the hippocampus. We also found that the susceptible genes and pathways in AD were alleviated through 6 months of TRF supplementation.
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Regulated genes of AD control group parallel to AD condition
Among regulated genes, Sorbs1 (Sorbin and SH3 domain containing 1) are reported to be important in the development of neuromuscular synapse and activation of nerve growth factors in neuronal differentiation [46, 47] and Unc80 (Unc-80, NALCN activator) that are involved in neuron excitability [48] were inhibited in AD (Control). While Lpcat2 (Lysophosphatidylcholine acyltransferase 2) genes are involved in cell inflammation and neuropathic pain [49, 50] and Havcr2 (Hepatitis A virus cellular receptor 2) genes related to tumors [51] increased. Additionally, elevation of biological processes and pathways of Focal Adhesion-P13k- Akt-mTOR signaling pathway, MAPK signaling pathway, Alzheimer's disease pathway, TNF-alpha NF-kB signaling pathway, p53 signaling, oxidative stress, and Parkinson's disease pathway showed that regulated genes were parallel to the conditions found in AD [52] [53] [54] [55] .
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TRF supplementation alleviated the AD conditions
Being rich in so many key benefits, research has uncovered that the most top-modulated genes by TRF are involved in alleviating several neurological [56] [57] [58] . A study on Slc24a2 knockout mice caused deficits in motor learning and spatial working memory in the hippocampus [59] . Therefore, TRF supplementation potentially improves neuroprotective protein and cognition in the AD mouse model. The exo1 (Exonuclease 1) gene is important in the cleavage step of DNA mismatch repair. Studies on mice reported that inactivation of Exo1 caused defects in DNA, which then increased the susceptibil- ity to cancer and infertility [60] . Exo1 was also proven to act as a critical mediator of survival during DNA double-stranded break repair in hematopoietic stem and progenitor cells [61] . Exo1 is also required to activate the reaction response to S (N) 1 DNA methylating agents [62] . Thus, TRF supplementation helps to stabilize the DNA process. While Enox1 (Ecto-NOX disulfide-thiol exchanger 1) is involved in the pathway of electron transport of plasma membrane and the activity of hydroquinone oxidation (NADH) and also in conversion of disulfide-thiol protein [63] , Nuclear-1 respiratory factor (NRF-1), associated in neurite growth in neuroblastoma cells, positively controls the Enox1 in human IMR-32 cells neuroblastoma and primary mice cortical neurons [64] . Thus, speculation can be made that TRF supplementation acts as an antioxidant that helps to stabilize the activity of NADH and disulfide-thiol.
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For the significantly downregulated gene of Pla2g4a (Phospholipase A2, group IVA [cytosolic, calcium-dependent]), this gene plays a crucial role in neurological disease pathology as Pla2g4a is reported to play a role in elevated A␤PP protein expression induced by aggregated A␤ in cortical neurons and in signal events leading to A␤PP induction. The protein encoded by this gene is a member of the phospholipase A2 group IV family. Via protein kinase A pathway, accumulation of A␤ induced elevation of A␤PP protein expression mediated by activation of Pla2g4a, Pge2 release, and Creb [65] . As known, oxidative stress and inflammation are important factors contributing to pathophysiology, overexpression of Pla2g4a leads to microglial activation and causes a neuroinflammatory condition in the brain [66] . Thus, further studies on targeted inhibition of Pla2g4a will be valuable in investigating the therapeutic potential for AD.
For the gene of Tfap2b (Transcription factor AP-2 beta), research by Rossello et al. in 2012, reported that AP-2b regulates A␤ protein stimulation of apolipoprotein E transcription in astrocytes. AP-2b contributed to the elevation of A␤ induction in ApoE overflow [67] . In addition, AP-2b is a genetic candidate in the cause of adipocyte hypertrophy and associated with abnormal adipocyte in obesity [68] . Thus, TRF supplementation helps in the reduction of A␤ induction in ApoE overloaded.
An increased level of Oip5 (Opa interacting protein 5) was found during the G1 phase of cell proliferation and upon cell cycle exit in quiescence, senescence, and differentiation. Studies also reported that this gene leads to subsequent cell death [69] . Oip5 also promotes accumulation of pre-mature and mature adipocytes and leads to adipose hyperplasia [70] . Upon TRF supplementation, this gene was suppressed, which helps to alleviate the adverse events above. 
TRF supplementation attenuated the affected biological process or pathway in AD
Malfunction in signaling of cellular and molecular networks is the root cause disturbing the signaling processes and leading to production of disturbance or abnormal proteins involved in neurodegenerative disease. The signaling pathway itself was inappropriate in an AD brain, causing extensive neuronal and synaptic degradation with an active inflammatory response, apoptosis, and ultimately loss of function of neurons and brain tissue [71] [72] [73] .
We performed biological process and pathway analysis to forecast the biological function of modulated genes and potential roles of the differentially expressed genes after 6 months of TRF supplementation in an AD mouse model. When using biological process and pathway analysis, we discovered that these regulated genes were mainly associated with mRNA processing followed by B cell receptor signaling pathway, focal adhesion-PI3K-Akt-mTOR signaling, EGFR1 signaling, p53 signaling, T cell receptor signaling, TNF-alpha NFkB signaling, Alzheimer's disease pathway, Wnt signaling pathway, MAPK signaling pathway, and Parkinson's disease pathway. For the mRNA processing gene of Pcbp2 (Poly (rc) binding protein 2), this gene showed promising therapeutic effects by TRF as this gene may increase the p73 expression. p73 is a member of the p53 family tumor suppressors, plays a critical role in tumor suppression and neuronal development. Increased expressions of p73 subsequently slow down the ROS production and cellular senescence [74] . A study by Zhang and his colleagues in 2016 also showed that overexpression of Pcbp2 rescued the inflammation by Meis1 gene effects in Akt-mTOR pathway [75] .
In addition, the mutation of Tardbp (TAR DNA binding protein) gene caused neurological disease of amyotrophic lateral sclerosis and there were supporting studies showing that the inhibition of Tardbp mitochondrial localization blocked its neuronal toxicity. In addition, suppression of Tardbp alleviated motor-coordinative and cognitive dysfunction, reduced neuroinflammation, prevented neuronal loss, and restored mitochondrial functions [76, 77] . Thus, TRF supplementation is able to improve neuronal functions in an AD mouse model.
The regulated pathway of focal adhesion-PI3K-Akt-mTOR signaling pathway, TNF-alpha NF-kB signaling pathway, T cell receptor signaling pathway, MAPK signaling pathway, and Wnt signaling pathway have been well studied in the literature for their complicated impact on inflammation and AD. Deviation from strict control of the above pathways has been implicated in the progression of AD. Neuroinflammation plays critical roles in the pathogenesis of AD. PI3K-Akt-mTOR signaling pathway is often associated in crosstalk with mTOR and NF-kB that were reported to play a vital role in neurodegenerative disease by regulating cell growth, proliferation, and differentiation [78] [79] [80] . TNF-␣ that secreted mainly in microglial cells in response to the abnormal accumulation of A␤ protein give the chronic response by elevating its level in the AD brain as well as in the brain of transgenic mouse models of AD [81] [82] [83] [84] . Several pro-inflammatory mediators or cytokines are commanded by transcription factor NF-κB. NF-κB that stimulates microglials is a ubiquitous transcription factor found in almost all animal cell types. NF-κB regulates the expression of many cytokines and chemokines, such as interferons, interleukins, lymphokines, and tumor necrosis factors [85] . Inhibition of NF-κB signaling became the popular approach among researchers in order to prevent or delay the onset of many diseases. Many natural products or polyphenol from plants targeted the NF-κB pathway to modulate the pro-inflammatory mediators such as curcumin, resveratrol, capsaicin, and apigenin [86] [87] [88] .
Mitogen-activated protein kinases (MAPKs) are serine-threonine kinases that mediate intracellular signaling associated with a variety of cellular responses and biological process in reaction to a stress signal. MAPK family consists of extracellular signal-regulated kinase (ERK), p38, and c-Jun NH 2 -terminal kinase (JNK). In AD patients, vulnerable neurons activate MAPK pathways and are involved in pathogenesis of AD [89] [90] [91] . The Wnt signaling pathway is a protein network associated with embryo development and cancer progression [92] [93] [94] is a major step in Wnt signaling [95] . Dysfunction of the Wnt signaling pathway is implicated in the pathophysiology of neuronal degeneration of AD [96, 97] . Thus, TRF supplementation potentially causes suppression of neuroinflammation in an AD mouse model.
Oxidative stress has been implicated in the pathogenesis of AD [98, 99] . Previous studies suggested there was involvement of p53 in degenerating neurons in AD. p53 levels are largely regulated in response to injury by changes in protein degradation. Data on the expression of p53 found a significant increase of p53 levels in both MCI and AD [100] . Abundant p53-immunoreactive neurites and glial cell processes also appeared to be associated with neurogenerative diseases [101] . Hence p53 inhibition may protect neuron cells from neurotoxicity insults in AD [102] . From the result, TRF supplementation may inhibit the activity of p53 signaling, consequently relieving the oxidative stress in AD.
EGRF1 signaling was downregulated by TRF supplementation. EGF receptors are reportedly involved in activating pathways that promote cell proliferation, independence, migration, epithelial tissue distinction, fibroblasts, and endothelial cells in which EGF biological activity depends on its binding on receptors [103] . In squamous oral carcinoma (OSCC) cells, EGFR is reportedly overexpressed and associated with tumor invasion and metastasis and deterioration of patient survival rate [104, 105] . Deficiency of EGFR is reported to inhibit tumor cell migration and suppress EMT (epithelial-to-mesenchymal transition) in human ovarian cancer cells [106] . In addition, Sylvester et al. (2001) also demonstrated that tocotrienol was more potent than tocopherol in preventing mitogenesis in normal mammary epithelial cells (extracted from BALB / c pregnant-mid mice) by reducing EGF-receptor activity (EGFR) [107] . From the result, TRF supplementation may ameliorate the effect of antagonizing EGRF1 signaling.
Moreover, TRF supplementation modulated the biological process of AD by deregulated genes of Ppp3ca, SNCA, Nae1, Casp12. Protein phosphatase 3, catalytic subunit, and alpha isoform (Ppp3ca) are confirmed to interact with NF-κB-inducing kinase. This interaction activates NF-κB pathways, thereby regulating a wide variety of immune system functions. Calcineurin is a serine/threonine protein phosphatase including a catalytic subunit (CnA) and regulatory subunit (CnB), which participates in calcium ion-dependent signal transduction pathways. Calcineurin activation also promotes apoptosis of glomerular podocytes in diabetic nephropathy. In Parkinson's disease, activation of calcineurin and NFAT dependent pathway are involved in ␣-synuclein induced degeneration of midbrain dopaminergic neurons [108] [109] [110] [111] .
SNCA alpha-synuclein is a member of the synuclein family, which also includes beta-and gamma-synuclein. Synucleins are abundantly expressed in the brain and alpha-and beta-synuclein inhibit phospholipase D2 selectively. SNCA play causal roles in the pathogenesis of Parkinson disease that lead to neural degeneration [112, 113] . SNCA peptide is also reported to be a major component of amyloid plaques in the brains of patients with AD [114] [115] [116] .
NEDD8 Activating Enzyme E1 Subunit 1 (Nae1) also known as amyloid-␤ Precursor Protein-Binding Protein 1 (APPBP1) is a protein encoded by this gene, which binds to A␤PP. It is reported to play a role in the pathogenesis of AD. This protein is required for cell cycle progression through the S/M checkpoint. Mutation of this gene marked in disruption in the proliferation of fetal neural stem cells [117] . A study on transgenic mice that express Swedish/Dutch/Iowa mutant A␤PP in the brain showed that processing of ␤-secretase is accelerated and the A␤ peptide production in AD brain is enhanced [118] [119] [120] .
Caspases 12 (Casp12) is a cysteine protease that cleaves C-terminal aspartic acid residues on their substrate molecules. Caspase-12 antagonizes the inflammasome and NF-κB [121] . Casp12 often is associated with the progression of AD because it promotes the neuronal death through apoptosis. Casp12 reported mediation of endoplasmic reticulum-specific apoptosis and cytotoxicity by aggregation of A␤. In addition, neuronal cells treated with caspase inhibitors are resistant to attack by A␤ [122] [123] [124] .
In a nutshell, the results were astounding and the therapeutic effects of TRF were uncovered through transcriptome profiling in the hippocampus of A␤PPswe/PS1dE9 double transgenic mice. TRF successfully halted the AD conditions by modulating several genes and also attenuated the affected biological process and pathways in AD (Fig. 5) . Therefore, we proposed that TRF supplementation could be a promising therapeutic agent for delaying the progression of AD.
